The distribution of alkaline phosphatase activity in human articular cartilage from normal and osteoarthritic joints has been examined by an electron microscope technique, probably for the first time. In osteoarthritic cartilage chondrocytes and matrix vesicles close to the tidemark were positive for alkaline phosphatase activity. Large numbers of matrix vesicles were found within the extracellular matrix of osteoarthritic cartilage, and there is a specific relation between phosphatase activity, matrix vesicles, and initial mineral formation in the tidemark region of articular cartilage.
SUMMARY
The distribution of alkaline phosphatase activity in human articular cartilage from normal and osteoarthritic joints has been examined by an electron microscope technique, probably for the first time. In osteoarthritic cartilage chondrocytes and matrix vesicles close to the tidemark were positive for alkaline phosphatase activity. Large numbers of matrix vesicles were found within the extracellular matrix of osteoarthritic cartilage, and there is a specific relation between phosphatase activity, matrix vesicles, and initial mineral formation in the tidemark region of articular cartilage.
Osteoarthritis may be considered as a group of heterogeneous diseases with a final common pathway involving abnormal changes in some joint tissues and in particular articular cartilage. This 'joint failure' can be initiated by various endogenous processes, and the occurrence of hydroxyapatite and pyrophosphate crystals in joint fluids has led to the concept of crystal deposition arthropathy and apatite associated arthritis. -3 Previous biochemical studies indicated there may be abnormal calcification in human osteoarthritic cartilage as seen by increased amounts of alkaline phosphatase activity.4 5 In addition, detailed electron microscope studies have shown several different types of calcium phosphate crystals in arthritic articular cartilage.6-9 These apatite-like crystal types appear to be associated with matrix vesicles, which have been shown in other calcifying tissues to contain most of the alkaline phosphatase activity and to initiate the calcification process.l' 11 Robison initially introduced the idea that alkaline phosphatase enhanced calcification of cartilage, probably by raising the phosphate concentration locally. 2 Gomori 25 In articular cartilage the enzyme distribution has been studied using a light microscope technique only.26 It is intended to extend these observations to the ultrastructural level and look for associations between alkaline phosphatase activity, chondrocytes, matrix vesicles, and initial mineral formation in human osteoarthritic articular cartilage.
Materials and methods
Fresh human osteoarthritic cartilage was obtained from femoral heads resected for total hip replacement. The cartilage was degenerate, fibrillated cartilage from the pressure bearing, progressive area. It was usually restricted to a fringe surrounding the ebumated bone around the superior surface of the femoral head. This cartilage is usually yellow and found as a sloping or shelving ring adjacent to the circle of eburnated bone (type IV cartilage, see Ali and Bayliss5). The specimens were obtained from five female patients aged 58, 61, 63, 69, and 76 years. In the last year it has been impossible to obtain fresh, age matched, normal human articular cartilage. Disease free cartilage was obtained from the femoral heads of two female patients aged 83 and 85 years with subcapital fractures of the neck of 747 femur. Small pieces of cartilage were excised down to and including the subchondral bone. Some of the specimens were put into 2-5% glutaraldehyde in 0-085 M sodium cacodylate buffer and then processed for transmission electron microscopy by standard techniques described elsewhere. 5 For the visualisation of alkaline phosphatase activity a metal salt method similar to that described by Volpin et a123 was used. Briefly, this consisted of taking very thin tissue slices ,um thick) through the whole depth of cartilage. These were cut with new razor blades under a dissecting microscope while immersed in 1-5% glutaraldehyde in 0-085 M sodium cacodylate buffer. After one hour the tissue slices were washed in buffer and immersed in the incubation medium (containing the enzyme substrate 9 mM sodium ,3-glycerophosphate, 10 mM magnesium chloride, 3-6 mM lead nitrate, and 40 mM trometamol (TRIS)/HCI buffer at pH 9) for 30 minutes at 37°C.
To test for false non-enzymatic deposition of reaction product control tissue slices were incubated in a medium to which 2 mM levamisole had been added as an inhibitor of alkaline phosphatase activity. Further control slices were incubated in a medium which did not contain the enzyme substrate (sodium ,B-glycerophosphate). After washing in 0.085 M cacodylate buffer for 10 minutes test and control cartilage slices were postfixed in 1% osmium tetroxide in cacodylate buffer for one hour. After dehydration through graded ethanols and finally 1 :2-epoxypropane the specimens were infiltrated with Araldite resin overnight and polymerised at 60°C for 48 hours. For orientation purposes 1 Cm thick sections were cut for light microscopy with glass knives and stained with Humphrey's stain. Thin sections (60-80 nm) were cut with diamond knives and collected on parlodion coated copper grids. Sections were examined, unstained or after staining with saturated alcoholic uranyl acetate for 30-45 minutes and lead citrate for five minutes, on a Philips EM300 at 60 kV or 80 kV.
Results

NORMAL' CARTILAGE FROM SUBCAPITAL FRACTURE SPECIMENS
Light and electron microscope sections showed the cartilage surface was smooth with collagen fibres in the superficial layer arranged parallel to the surface. Chondrocytes were discoidal with their long axes parallel to the cartilage surface. In the mid-zone cartilage chondrocytes were spheroidal and equally spaced or occasionally arranged in columns of four to eight cells. The collagen fibres in the mid-zone matrix were predominantly radial. In the deep zone the calcifying front or tidemark region appears even or gently undulating by light microscopy or low power electron microscopy. At higher magnification matrix vesicles in the pericellular region of chondrocytes were present at all levels of the cartilage but were more frequent in the tidemark region. In this region microcrystals were present inside vesicles, and mineral nodules could be seen either forming from vesicles or lying next to them (Fig. 1) . In many sections from several blocks of the normal cartilage, from subcapital fracture specimens, clusters of chondrocytes were frequently seen in this region, but only one cluster was positive for alkaline phosphatase activity (Figs 1 and 2 ). This reaction product appeared as a few electron dense beads along the chondrocyte cell membrane (Fig. 2 (Fig. 4) . There issomne evidence tlhatthleseportionis oft/ie cell membrane ma be b'uldding off 'inito the surrounding mni(itri/x/fior,nntg naItriX v'sicles (Fig. 6) . (Stainedsectioll.) cell membrane of the chondrocvtes (Fig. 4) (Fig. 9) . As mineral accumulation appeared to progress most ot the extracellular matrix became calcified and alkaline phosphatase activity reaction product could not be differentiated clearly from calcific deposits.
Control sections. either treated with incubation medium containing levamisole or with the enzyme substrate omitted, showed negligible reactivity for alkaline phosphatase. even around chondrocytes and matrix vesicles in the tidemark region of the cartilage 150 Ltm from the calcifying front (Fig. 1 1) .
Discussion
We studied the distribution of alkaline phosphatase activity in human articular cartilage from osteoarthritic joints by 
